Abstract: We have fabricated and characterized UTC-PDs and obtained average photocurrents exceeding 80mA and record-high peak-to-peak voltages of 4.8V over 50.Q at lOGb/s. The UTC-PD is further evaluated in an optically preamplified receiver, providing error-ftee operation.
Introduction
In broadband communication system, photodiodes with high bandwidth is necessary to transmit the required amonnt of data. If the photodiode also has high output power, no further electrical amplification is needed. This is also useful in microwave photonics applications [l] where high output power &om the photodiode is desired. The uni-travelling-carrier photodiode (UTC-PD) [2] meets these requirements. Since it only utilizes electrons as active carriers, it has higher saturation output power and higher 3-dB bandwidth than presently used PIN-PDs.
UTC-PD operation and fabrication
The UTC-PD has the basic structure of an ordinary PIN-PD, but with some important alterations. In the UTC-PD, absorption takes place in a separate pdoped layer, see Fig. I , making the holes majority carriers when electron-hole pairs are created. The holes will travel quickly to the p-contact, while the electrons will have to diffise to the intrinsic layer before they can drif~ to the n-contact. When the electrons enter the intrinsic layer, they will experience an increase in field strength that causes velocity overshoot. Since holes do not experience this effect. this phenomenon does not influence the performance of a conventional PIN-PD. Both the higher mobility of the electrons and the velocity overshoot will therefore give the UTC-PD lower transit time and thus higher'bandwidth than the conventional PIN-PD. The higher velocity of electrons compared to holes will also lead to higher output saturation power, since the onset of the space charge effect will occw at higher input powers. Diodes with mesa diameters between 20 and 60 vm were fabricated using standard processing techniques; the mesas were wet etched, the contacts were deposited in an ultra high vacuum evaporator and trough-out the process photolithography is used. The UTC-PD structure [3] was grown by MBE on a semi-insulating InP substrate. The structure consists of differently doped Id', InGaAs, and InGaAsP layers and has a total thickness of 1222 pm (not including the substrate). One of the fabricated diodes, with mesa diameter of 20 pm, is shown in Fig. IC. 
Measurements
The optical output of 8 mW at 1543 nm from an external cavity laser is used to investigate the performance of the diodes. The signal is encoded with a 10 Gb/s, (2'-1) non-return-to-zero pseudo-random binary sequence by a LWO,-Mach-Zender modulator. The signal is amplified in a 980 nm pumped EDFA pre-amplifier. To suppress the ASE noise, the signal passes through a 1.2 nm optical band-pass filter and is then amplified in a second, high power 1480 nm pumped EDFA. The signal is launched to the UTC-PD through a bare fiber end, aligned as closely to the detector as possible. Finally, the DC and RF characteristics of the electrical signal from the UTC-PD are measured. A typical oscilloscope trace can be seen in Fig. 3 . The high zero-level is evoked by the unfiltered last EDFA. The pbotocument, rise and fall times, and peak-to-peak voltage are measured as functions of input powers. Neither rise time nor fall time showed any dependence on input power, implying that the bandwidth remained constant during the measurements. For UTC-PDs with mesa diameter of 20 and 40 pm, photocurrents of 49 and 84 mA average were obtained, and peak-to-peak voltage of 3.3 and 4.8 V, respectively, all at 10 Gb/s over 50 a. The results for the 20 pm mesa can be seen in Fig. 4 . Apparently, the extinction ratio is not optimal. For both diode sizes, the measurements were limited by set-up; the effect of the coupling loss is geometrical estimated and accounted for in Fig. 4 and measurements for higher optical input powers is a subject for further research. 
M -b t e r i s 20 ym wL7
The receiver in a commercial system for high-speed optical transmissions of 10 Gbls usually consists of a broadband, low sensitivity PIN-PD as O/E converter and high gain, broadband electrical amplifiers. An alternative to this receiver design is to use a PD that delivers sufficient voltage to drive the digital electronics, while remaining high bandwidth. This bas been achieved for both 20 Gb/s [4] and 40 Gb/s [ 5 ] transmissions. However, in these experiments the sequence length is short or not presented. To test the sensitivity of a IO Gb/s system with a sequence lengtb of (22'-1) the same measurement set up was used, but the output signal from the UTC-PD with mesa diameter of 20 pm was fed to a bit error rate tester. An optical attenuator is used to adjust the signal input power before it is amplified in the EDFA pre-amplifier. Error free (BER<10-'2) transmission was obtained with an input power of -21 dBm for bias voltages between -2 V and -5 V, see Fig. 5 . The substantial coupling loss was compensated with higher optical output power from the second EDFA. The coupling loss will not deteriorate the sensitivity inherently, but there was no optical filter available that could handle the high power levels. This causes an estimated extinction ratio of 7 dB that induces a power penalty of 2 dB. 
Conclusions
We have fabricated a UTC-PD that can deliver an average photocurrent of 80 mA and RF voltage of 4.8 V peak-topeak without decreasing bandwidth. This is, to our knowledge, the highest reported peak-to-peak voltage over 50 from a semiconductor photodetector. Furthermore, its high-speed broadband characteristics have been demonstrated through error-free (13ER<101z) detection in an all-optically amplified IO Gb/s UTC-PD based receiver. 
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